® 



Europ§lsch s Patentamt 
European Patent Office 
Office europ^en des brev ts 



© Publication number: 



0 210 397 

A1 



® EUROPEAN PATENT APPLICATION 



® Application number: 86108085.1 ® Int. CM: H01L 23/52 , H01 L 27/02 

@ Date of filing: 13.06.86 



® Priority: 15,07-86 US 755123 


® Applicant International Business Machines 


® Date of publication of application: 


Cofporatk>n 


Old Orchard Road 


04.0Z87 Bulletin 67A}6 


Armonk, N.Y. 10504(US) 


@ Designated Contracting Slates: 


@ Inventor Aipperspach, Anthony Gus 


DEFRG8 


2706 24th Street K.W. 




Rochester Minnesota 55901 (US) 




Inventor. Fitzgerald, Joseph Michael 




5506 2^ Avenue N.W. Apt B 




Rochester Minnesota 55901 (US) 




© Representative: Vekemans, Andre 




Compa^ie IBM France Mpartement de 




Propria Intellectuetfe 




F-06610 La Qaude(FR) 



® LSI circuits adaptable for custom design methods. 



© A standardized cell layout for LSI circuits having 
a first and second metaJ overlay pattern (16,18; 280- 
285) above a predetermined generalized logic circuit 
pattern, where ttie first metal overlay includes a 
generally parallel set of conductors having conduc- 
tive contact with underlying circuits at a plurality of 
possible contact points, and the second metal over- 
lay is insulated from the first metal overiay, the 
secoTKl metal overlay having a plurality of orthogonal 
conductors relative to the first metal overiay. to per- 
mit selective laser cutting of first metal corvjuctof 
segments at positions intermediate second metal 

^conductors, and to permit laser welding of first and 

jx, second metal conductors at respectK-e intersections 

O>of same. 
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LSI CIRCUITS ADAPTABLE FOR CUSTOM DESIGN METHODS 



Technical Relds 

This invention relates to large-scale integration 
(LSI) circuits using field-effect transistors fPET) as 
the circuit technology, and more particularly to an 
LSI circuit of generalized design which is adaptable 
to custom design techniques, and a method for 
converting a generalized LSI circuit into special 
function logic circuits. 

Background of the Invention 

The construction of LSI circuits Is generally 

known in the art. using various forms of material 
technology and manufacturing processing steps. 
This technology typically utilizes a single chip as a 
base member, and. through the successive ap- 
plication of masking, etching and deposition steps, 
multiple layers of conductive and semiconductive 
material are applied with great precision to create a 
large number of internal cells and a smaller num- 
ber of peripheral or input-output cells. Ail of the 
cells are arranged in predetermined locations and 
embody predetermined logic functional combina- 
tions. Special input-output cells a-e typically 
aligned along the peripheral edges of the chip and 
serve to conduct signals into and out of the various 
functional logical circuits which are prearranged in 
the cells arrayed across the chip. Because the 
Internal cells are neatly arranged in rows and col- 
umns it is possible to achieve a very high packing 
density of logic circuits within an LSI chip, intercell 
spacing provides room for the orderly deposition of 
conductive members so as to provide conductive 
signal paths between various cells, with such con- 
ductive paths usually being provided in the X and 
Y orthogonal directions. 

The high packing density of LSI circuits, and 
the fact that a large number of logic cells is present 
on a single LSI chip, increase the difficulty of 
designing customized logic functions utilizing mul- 
tiple combinations of logic elements through the 
custom interconnection of a plurality of cells. With 
this difficulty in mind, a "masterslice" concept has 
been developed for bipolar devices, wherein all of 
the cells can be processed exactly alike up to a 
certain point in the manufacturing process, and 
these partially manufactured chips can be stock- 
piled for subsequent addition of customizing manu- 
facturing steps. This is a pratical solution to the 
probjem of customizing LSI chips when the per- 
sonalization of such chips requires only a few addi- 
tional process steps beyond the steps required for 



stockpiling, where the personalization steps can be 
accomplished in a relatively short turnaround time. 
This leads to the potential of utilizing LSI circuil 
technology in custom logic design situations, re- 
5 quiring less total manufacturing time than would 
otherwise be required if a specially designed LSI 
circuit chip was manufactured from an initial pro- 
cess. 

One customizing approach in the design of LSI 
10 circuits is described in U.S. Patent No. 3,983,619, 
in which an LSI chip is made from an array of unit 
cells. All of the unit cells on the chip perform the 
same logical functions, that is, AND, NAND, or OR. 
The unit cells are simple depletion-load circuits, 
75 and no provision is made for powering to multiple 
power levels in the unit cells. Another approach is 
described in U.S. Patent No. 4,141,662, in which an 
LSI chip contains a fixed number of different logic 
functions. 

20 Still another approach is described in European 

Patent Application No E.P. 0113 828 . AppL Nc 
83111224.8 v/herein a plurality of cells are devel- 
oped on a chip, each of the cells being capable of 
interconnection for the creation of approximately 

25 twenty different logic functions at any of several 
different power levels. In this approach, multiple 
cells can be interconnected to form macro func- 
tions by successive application of process steps 
beyond an initial series of process manufacturing 

30 steps. A multi-level chip is first created ut'lizing 
etching and masking techniques. In particular, the 
first six mask levels are common for ail part num- 
bers, and all of the process steps associated v/rth 
the first six mask levels can be completed to 

35 enabie the chip to be stockpiled. Subsequently, 
when custom circuit de,signs are desired, the chip 
can be personalized by adding a further four mask 
levels for a given logic circuit design. This tech- 
nique utilizes a singie layer of conductors for per- 

40 sonalizing the intercircuit wiring in any cell, so thai 
a further conductor layer may be used to provide 
intercell wiring anywhere on the chip. 

45 Summary of the Invention 

The present invention decreases even furthe: 
the turnaround time beiween circuit design anc 
completed chip, by depositing the final four masl- 
50 levels of every masterslice in a single pattern de- 
signed to allow later personalization of individua 
chips by selectively cutting and welding the al- 
ready formed layers at designated locations with ? 
laser or similar tool. The invention is especialK 
useful in applications requiring very low desigr 
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time but relatively low volumes, such as proto- 
typing and customized products. A further advan- 
tages of the irwention is compatibility with conven- 
tional technology so ttiat a design implemented 
Eccofding to the present invention can later be 
ported directly to a conventionai technology such 
as that of EPA 0113.828. 

Each cell is capable of multiple logic functions 
at any of several power levels, and ail cells are 
developed through full ten mask levels in general- 
ized fomri. thereby requiring no further process 
masking, etching or deposition steps.. Two conduc- 
tive layers are created in generally orthogonal grid 
patterns, a first and lower conductive metal grid 
pattern making all possible intracell connections^ 
and a second higher conductive metai grid or- 
thogonaJly arranged and spaced from ttie first met- 
aJ layer by an insulator, and overlaying all cells on 
the chip. The grid of first and second level metai 
layers are arranged so as to vertically positkxi, in 
aJI cases, a first level conductor in an intermediate 
space between second level conductors, so that at 
least one vertical plane segment can be identified 
for each first level conductor, which plane does not 
pass through any second level conductor. At the 
same time, at least a segment of all first level 
conductors are positioned directiy beneath corre- 
sponding second level conductors, separated only 
by the irreulating layer. According to this construc- 
tion it Is therefore possible to utilize laser cuttirig 
arKi welding tools for making ail required irrtercon- 
nections between first and second level conduc- 
tors, as well as to selectively cut first and second 
level metal conductors at appropriate points in or- 
der to fonn a complete interconnected grkj of con- 
ductors for any of a plurality of logic functions. 

The method of forming such circuit Intercon- 
nections forms an important part of the present 
invention, and includes the selective steps of laser 
cutting and* welding to accomplish this purpose. 
The step of laser cutting includes either or both 
cutting the outer metal conductor and cuttir^g 
tfirough the intermediate insulator to cut the lower 
metal conductpr. at a location intermediate the out- 
er metai conductors. 



Brief Description of the Drawings 

Rg. 1 shows a top view representation of a 
plurality of lower layers of one standard cell of a 
multi-cell chip; 

Rg. 2 shows a schematic representation of 
thecellof Rg.l; 

Rg. 3 shows a top view representation of a 
standard f'rst metal overlay for a standard cell; 

Rg. 4 shows a top view representation of a 
second metal overiay for a standard cell: 



Rg. 5A shows a top view composite of first 
and second metal layers; 

Rg. 5B shows a top view composite of first 
and second metai layers after personalization 
5 steps; 

Rg. 6 shows a diagram of tiie logic circuit 
formed as a result of the steps Illustrated in Rg. 5A 
and 5B; 

Rg. 7 showa a top view representation of a 
70 plurality of underlayers of three standard cells; 

Rg. 8 shows a first metai overiay for the 
cells shown In Rg. 7; 

Rg. 9 shows a second metai overlay for the 
cells shown in Rg. 7. 
75 Rg. 10 shows the first metal cuts for per- 

soriaiization of the cells of Rgs. 7-9; and 

Rg. 1 1 shows a schematic representation of 
the personalized circuit of Rgs. 7-10. 

20 

Description of a Prefenred Emt)Odlment 

Reference shouW be made to EPA 0113.828 
whkjh shows, among other tilings, an overall layout 
26 of a mastersiice chip having a plurality of cells 
therein, and describes the manufacturing process 
steps for constructing such a mastersiice chip. 

A mastersfice chip, as defined In the above-re- 
30 ferenced EPA 0113,828 contains about 2.500 inter- 
nal ceils which are defined as ''standard" cells 
insofar as they embody a consistent and repeat- 
able constiTJCtJon during at least tf^e initial steps of 
ti^ manufacturing process. Subsequent steps in 
35 the noanufacturing process enable the standard 
cells to become personalized into specific logic 
circuits, to perform various logic . functions, eiti^er 
within Individual standard cells or in contiguous 
groups of standard celts and adjacent cell loca- 
40 tions. 

The foregoing EPA 0113.828 describes a pro- 
cess of constructing a chip through sequential 
steps of deposition, etching and related processes 
which are known in this technology. These pro- 

45 cesses lead to ti^ constiuction of a multi-ievel. 
patterned distribution of conductors, seml-cofKJuc- 
tors and insulators, associated with each standard 
cell, tt>e fwttems being repeated over the surface 
of the . chip for as many standard cells as are 

50 contained on the chip. The present invention de- 
parts from the teachings of the foregoing specifica- 
tion in the techniques used for developing and 
constructing first and second level metai overiay 
patterns, and In the techniques utilized to intercon- 

55 nect the first and second level metal overiay pat- 
terns to one another and to" respective conductive 
vias in tt>e underiayers. In the present invention, 
the first and second level metal layer patterns are 
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used to personalize a standard cell or cells, ac- 
cording to a process which may be applied after 
the entire chip has been constructed with all of its 
layers, including the first and second level metal 
layers. The unique pattern layout selected for the 
first and second metal layers, together with the 
utilization of laser technology, enables this per- 
sonalization to be accomplished after all of the 
manufacturing steps have been completed with re- 
spect to a plurality of standard cells on a chip. 

An article in the February 1984 edition of VLSI 
Design Magazine, entitled "Designing a Laser-Per- 
sonalized Gate Array", discloses a technique for 
laser cutting of a single metal level, initially formed 
from an X-Y array of conductor segments, wherein 
the laser cutting process involves selectively cut- 
ting away X and/or Y coordinate segments in order 
to develop the necessary conductive paths for the 
creation of a CMOS gate array. In this respect, the 
article describes a personalized gate array in which 
one layer is personalized. By contrast, the present 
invention discloses a technique for personalizing 
standard cells through personalizing two metal lay- 
ers, which personalization becomes possible 
through the novel layout of the first and second 
metai levels. The present invention also contem- 
plates personalization through selectively cutting 
either or both first and second metal levels, and/or 
selectively laser welding first and second metal 
levels together. 

The invention contemplates the Initial construc- 
tion of a multi-level chip having thereon* ail of the 
semiconductor components and underlayer con- 
ductor segments required for intracell connections, 
in this respect, Rg. 1 illustrates a representation of 
a standard cell constructed through a partial manu- 
facturing process. To achieve this level of manufac- 
ture, a raw silicon chip is first coated with oxide 
and nitride layers, and a photoresist mask is used 
to eteh away portions of the nitride, to form what is 
called the RX diffusion layer. One portion of this 
diffusion layer shown in Fig. 1 is shown in geomet- 
ric segment 14, and which is identified as conduc- 
tor 14 on the schematic diagram of Rg. 2. The 
oxide layer is then regrown to a greater thickness 
where it is not covered by the nitride, and enough 
of the nitride and oxide layers are then removed to 
expose the silicon in selected regions, and a thin 
oxice layer is then regrown. A photoresist mask is 
used 10 mask everything except the channels of 
tne load devices, and arsenic ions are implanted to 
convert some of these channels to aepletion-mode 
devices (DFET). An example of one of these chan- 
nels is identified in Fig, 1 at 15, and is symbolicly 
illustrated in Rg. 2, as a channel section of DFET 
toad transistor 21. Next, a mask is applied to define 
buried -contact areas (BCA), to form conductive vias 
between the RX diffusion layer and subsequent 



layers. Examples of these vias on Rg. 1 are rep. 
sented as small rectangles 101-130, and are sir 
larly identified on Rg. 2 and Rg. 3. A polysilic 
ohmic conductive layer is next deposited, and f 
5 other oxide layer Is formed above it. These ^ 
layers are etched to the mask to define the Fl 
gate electrodes (PI layer). An FET exists wherev 
a PI conductor crosses an RX diffusion layer. , 
example of an FET formed in this manner is sho\ 

10 in Rg. 1 as segment 131 or segment 132. whi 
forms a part of transistor 20 or transistor 21 aj 
also serves as an internal via. connecting to cell \ 
101 or via 102. Arsenic is implanted through ti 
thin oxide layer described above, around the gat 

15 in the FET channels, to provide N + doped soun 
and drain electrodes for the FETs, and an oxu 
layer is then deposited over the chip, using a ma 
Cl to define vias etched through the oxide f 
subsequent connection between the first metaJ Ic 

20 er (Ml) and various underlay ers. A mask C2 m. 
also be used at this same layer to define vi 
etched more deeply around- the chip edges, e 
tending all the way to the substrate, for purpos' 
not related lo the invention. To this point. W 

25 manufacturing process steps are identical to thoi 
described in EPA 0113.828 resulting in the acc 
mulation of multiple layers which are representr 
in Rg. 1. 

At this stage in the process of manufactur 

30 depletion-t/pe transistors (DFET) are formed at 1 
cations 20, 21. 22. 23 and 24, and serve as \oi 
transistors. Enhancement-type transistors (EFE' 
are formed at locations 30-39. Transistors 22, 1 
and 24 are load transistors available for deliverir 

35 multiple power leveis to the standard cell. Log 
transistors 30, 31, 32 ... 39 are formed at cc 
respondingiy Identified locations on Rg. 1 . and ci 
contact points or vias 101. 102, 103 ... 130 a 
formed where shown on Fig. 1, Conductive se< 

4G ments 144, 145 ... 150 are formed to Interconne 
various components and vias throughout the sta; 
dard cell. The logic input-output (I/O) connectior 
to the standard cells are fonmed at vias 121 -12 
and tne power and grounding connections to tf 

45 standard cell are formed at vias 126a. 128, 129 ar 
130. 

Rg. 2 shows a schematic representation of tf 
standard cell of Rg. 1, illustrating the various co: 
ductors and transistors which are formed as 

so result of the process steps described hereinabov 
The vias and conductive segments, as well as tl 
transistors, are similarly numbered on Rgs. 1 ar 
2. and the schematic diagram of Rg. 2 is general 
•aid out to coniorm to the physical layout of tl 

55 circuit elem.ents shown in Fig. 1. Rg. 2 thereto 
reoresents a standard cell schematic diagram, pri 
to any of the personalization steps which a 
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hereinafter described. These personalization steps 
have to do with the process of laser cutting and/or 
laser welding of the first and second metal layers 
Ml and M2. 

A first metal layer M1 is shown in Rg. 3. This 
first metal layer is deposited over the substrate 
shown on Rg. 1. and all other similar substrates on 
tho chip, and the pattern shown in Rg. 3 Is a 
standardized pattern, before personalization. The 
Ml layer of Rg. 3 contains a conductive segment 
16 which will later form the ground connections to 
the standard ceil, and a conductive segment 18 
which will later fomn the power connections to the 
standard ceil. After application of a suitable insulat- 
ing layer, the second level metal layer M2. a por- 
tion of which is shown on Rg. 4, is overlaid over 
the Ml layer of Rg. 3. The second metal layer 
comprises a plurality of parallel conductor seg- 
ments, extending accross the entire standard cell 
and twyond. The illustrations of- Rgs. 3 and 4 show 
the respective first and second level metaJ layers in 
relation to a single standard cell. However, it Is 
contemplated that the first metal layer of Rg. 3 is 
repeatabty extended across the entire chip, as is 
the second metal layer of Rg. 4. Therefore, there is 
a first and second level metal conductor pattern 
over the entire face of the chip, which is suscept- 
ible to further. personalizing manufacturing steps. 
After these layers have been applied the manufac- 
turing process steps for the entire chip are essen- 
tiaWy complete, to provide a chip In standard ceH 
form. The subsequent steps to be described 
hereinafter may be applied to one or more of tiie 
standard cells in the chip in order to personalize 
the standard cell according to design requirements. 

Rg. 3 also illustrates in dotted outiine form the 
locations of vias 101 -130. which are built-up con- 
ductors extending vertically from lower cell layers 
to electrically contact the first metal layer Ml. Rg. 
3 illustrates 30 electrical contact points between 
the Ml layer and various substrate layers. These 
contact points serve to develop the electrical con- 
tinuity between various semiconductors, and be- 
tmen the semiconductors and input-output tenmi- 
naJs, and t)etween power connections and semi- 
conductors. Rg. 3 tfierefore shows a generalized 
pattern of contact points and M1 conductors, mak- 
ing all possible electrical connections at tiie Ml 
layer. Subsequent process steps will personalize 
ti^is generalized conductive pattem, to provide only 
those conductor connections which are necessary 
to a specific circuit function. 

Rg. 5A shows an overlay viev/ of the conductor 
pattem of Rg. 3 with the overlay conductive pattem 
of Rg. 4, tine two conductor patterns being sepa- 
rated by an insulating layer. None of the parallel 
horizontal conductive segments of Rg. 4 are elec- 
trically connected to the generally vertical conduc- 



■ tive pattem of Rg. 3, in the overlay view of Rg. 5A 
Rg. 5A therefore shows a generalized horizontal 
and vertical conductor pattem which is ready for 
subsequent personalization steps. After the Ml and 
5 M2 layers are overiaid on the plurality of lower 
layers forming a standard cell; i.e. after the Ml and 
M2 layers of Rg. 5A are overlaid on the semicon- 
ductor pattem of Rg. 1; the manufacturing process 
steps for one standard cell are complete. Assuming 
10 the manufacturing process steps are repeated for 
all of the standard cells on a mufti-ceil chip simultar- 
neously, the markifacturing processing steps of a 
plurality of standard cells are complete at tiiis 
point. The chip therefore comprises a plurality of 
75 standard ceils having generalized conductive grid 
patterns associated therewith, and the chip n>ay be 
stockpiled in tiiis fomn for subsequent personaliza- 
tion steps as required in any particular design task. 
Such personalization steps can produce tiie four- 
20 way NOR circuit" shown In Rg. 6. and any of a 
plurality of ott>er circuit designs. Further, the per- 
sonalization steps may be used to produce logic 
circuits requiring a plurality of interconnected and 
contiguous standard cells according to the same 
25 techniques, which will be hereinafter described. 

Subsequent cell personalization steps involve 
the selective application of laser cutting devices to 
the conductor grid pattem shown in Rg. 5A. Com- 
mercially availaWe laser cutting devices are ca- 
30 pabie of directing a laser beam to any position on a 
chip to an accuracy of plus or minus 1 mksDn. 
Such cutting devices can generate an intense beat 
cutting beam having a cutting width of approxi- 
mately 2 microns, and can be programmably con- 
35 trolled so as to direct this cutting beam over very 
short segments at any position on a chip. Since a 
chip typically has dimensions of about 6.2 millime- 
ters (mm) square, laser cutting devices are com- 
mercially available to locate any position on a chip 
40 of this size and to perform cuts of several microns 
in length at any position on tho chip. The conduc- 
tors shown in Rg. 5A are generally several microns 
in width afKj conductor-to-conductor spacing is also 
on the order of several microns. Therefore, com- 
45 mercialfy available laser technology is adaptable 
for positioning a laser beam to locate any single 
conductor segment on the chip, and to perform a 
laser cutting operation across any single conductor 
segment. 

so Commerdally available laser welding tech- 
niques are also used in connection witii the subse- 
quent interconnections behveen cells, and accura- 
cies are possible to permit a laser welding device 
to t>e positioned and directed at any location on the 

65 chip and to perform a laser welding operation at 
that location witiiout affecting conductors adjacent 
to the point of welding. In tiie present Invention, 
laser wekjing techniques are utilized to form a 
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conductive bond between a discrete location on an 
Ml metal conductor and an M2 metal conductor at 
the same location. This Is accomplished by direct- 
ing the laser welding beam to a point of intersec- 
tion of the desired M1 and M2 conductors, actuat- 
ing the laser welding beam to essentially bum 
through the upper M2 layer and through the inter- 
mediate insulating layer, down to the Ml layer 
located immediately below the contact point. This 
laser welding technique will result In a conductive 
weld being formed between the respective Ml and 
M2 conductor segments at the location of thejaser 
contact point. 

The laser cutting and welding devices de- 
scribed above may be programmably adapted to 
selectively perform a plurality of cutting and weld- 
ing operations across the face of the chip so as to 
perform personalization steps to convert a plurality 
of standard cells into special circuit designs. The 
programmable steps may be controlled by a prop- 
erly programmed computer, so that an entire chip 
may be personalized during a single cutting and 
welding operation. The actual time required for 
such cutting and welding operations is significantly 
less than the time v/hich otherwise be required for 
deveioping special M1 and M2 conductive patterns, 
and for engaging in the manufacturing process 
steps necessary for overlaying such Ml end M2 
layers on the lower semiconductive substrate. 

Fig. 5B shows the Ml metal layer of a standard 
cell after the cell personalization steps summari7.ed 
above have been accomplished. These personal- 
ization steps are required In order to convert the 
standard cell into the logic circuit shown on Fig. 6. 
Referring to Fig. 6. Referring to Fig. 56, and with 
reference to Fig. 3. the cell personalization step 
requires that a plurality of laser cuts be made to 
the M1 overlay pattern of Fig. 3. For example, laser 
cuts 201-211 are made to create an isolated M1 
conductor segment A. Conductor segment A inter- 
connects vias 103, 104, 113 and 117 of the stan- 
dard cell shown in Fig. 1. Laser cuts 212-216 fomn 
a conductor segment B in the Ml metal overlay. 
Conductor segment B Interconnects' vias 105, 107, 
109, 114. and 118 of the circuit of Fg. 1. Laser 
cuts 209, 208. 217-221 are made to form conductor 
segment C, which interconnects vias 111 and 112 
in the circuit of Fig. 1. Laser cuts 207, 217, 219, 
220, and 222 are made to form conductor segment 
D, which interconnects vias 115 and 116 in the 
circuit of Fig. 1. Laser cuts 210. 2n. 218. 221. and 
213 are made to form conductor segment E. wiiich 
interconnects vias 106 and 1 10 In the circuit of Fig. 
1. Conductor segments D and E are both circuit 
ground connections, and any vias which are coup- 
led to these circuit segments are held as circuit 
ground potential. Laser cuts 224-228. are made to 
disconnect the circuit ground conductor segment E 



from the respective output vias 121-125. When . 
of the laser cuts described above are made, tl 
standard cell circuit of Fig. 1 is reconfigured into 
four-way NOR circuit, which is shown in Rg. 6. F 
5 purposes of comparison conductor segments A • 
are illustrated in Rg. 6, with conductor segments 
and E symt>olicaIly being shown as connected 
circuit ground. It Is to be noted that all of the las 
cuts Illustrated in Fig. 58 are short incremental cu 
70 made across vertical conductor segments, and 
all cases are made at points between the respe* 
tive parallel horizontal conductor segments. In oth* 
weds, the personalization of a standard cell ■ 
from the circuit of Rg. 6 may be accomplishe 
75 solely by selective laser cutting of conductor se( 
ments of the first metal layer Ml. with all of th 
laser cuts required being made in the interspac 
region behveen horizontal M2 layer conductors. 
The four-way NOR circuit of Rg. 6 has foi 
20 input temninals 122-125 which may receive signa 
from other standard cells located on the same chi| 
Likewise, the NOR circuit of Fig. 6 has a singi 
output terminal 121 which may be connected t 
another cell on the same chip. These termina 
25 121-125 are represented as vias 121 -125. whic 
may be found on Fig. 5A at positions located belo 
respective intersecting' Ml and M2 conductors. Fc 
example, output via 121 is found at location 16 
beneath an intersecting Ml and M2 conducto 
30 Similarly input vias 122-125 are each found «' 
locations 162-165 respectively, beneath intersec 
ing Ml and M2 conductors. The external connec 
tions to each of these vias may be made by lasc 
welding techniques, wherein a laser weld is mad 
35 between the intersecting Ml and M2 conductors c 
the appropriate via locations. 

Referring to Rg. 58, an example of connec 
tions to externa! circuits is shown with respect t 
the input and output terminals described above 
40 Rrst; Ml conductor 151 (Rg. 5A) is broken into 
series of segments by laser cuts 248-252, whic' 
serves to provide signal isolation between the re 
spective vias. Next, laser welds are applied < 
locations 160. and 162-165, to provide a conductiv 
45 path from the respective vias to an M2 conductot . 
as shown in Rg. 58, As a result of these steps, th 
output signal on via 121 is conductively coupled t 
M2 conductor 260, where it may be directed to a 
adjacent or remote cell as circuit design param 
50 eters dictate. Similarly., the input signals to via 
122-125 may be coupled to these points from othe 
remote circuits over M2 conductors 262-265 re 
spectively. 

Referring next to rig. 7. there is shown 
55 portion of a chip having three adjacent standar 
cells thereon. The standard cells are shown in R^ 
7, separated by respective dotted dividing line? 
wherein it is to be noted that any particular sta»- 
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dard cell is a mirror image physical representation 
of Its adjacent neighbor. Therefore, the lower stan- 
dard cell 232 shown on Ftg. 7 is a mirror image 
about dotted line 230 of the center standard cell 
233. Likewise, the top standard cell 234 shown in 
Rg. 7 is a mirror Image taken about dotted line 231 
of the center standard cell 233. The process steps 
required for production of a plurality of standard 
ceils laid out as shown in Fig. 7 is the same as has 
been previously described with reference to Rg. 1, 
and at the completion of the preliminary process 
steps each of the standard cells of Fig. 7 has the 
same properties and physical characteristics as 
has been described with reference to Rg. 1. 

Fig. 8 shows a portion of the Ml metal oveday 
layer for the pluraJity of standard cells of Rg. 7. 
Rg. 9 shows a portion of the M2 metal overlay 
layer for the same plurality of standard cells. The 
Ml conductor overlay of Rg. 8, and the M2 con- 
ductor overlay of Rg. 9 are each illustrated before 
eny personalization steps have been accomplished, 
to personaJize the standard cell into a particular 
logic fur)ction. 

Rg. 10 shows the Ml metal layer of Rg. 8 after 
personalization steps have been accomplished to 
create a personalized data shift register latch. The 
personalized circuit which results from the series of 
laser cuts shown In Rg. 10 is schematically shown 
In Fig. 11, 

The M1 metal layer of Rg.10 shows thirty-one 
laser cuts 240 in standard cell 234. twenty-eight 
Iftser cuts 241 in standard cell 233. and thirthy- 
Ihree laser cuts 242 in standard cell 232. The Ml 
metal overlay in Rg. 10 runs continuously in tiie 
vertical direction from cell to cell, thereby providing 
some degree of iniercell conductor segment cou- 
pling. For example, conductor segment 244 is a 
continuous conductor segment extending across all 
of the standard cells 232, 233, and 234, and is 
typicaJly used as tiie power supply bus, which is 
the source of the power Vdd shown in Rg. 11. 
Likewise, conductor segment 245 extends over all 
standard cells and typically forms a ground con- 
nection for all circuits within the standard cells, as 
is ^own by the terminals GND in Rg. 11. 

The termir^ais AO-DO and 10 represent input 
signals to the circuit schematic of Rg. 1 1 , and the 
terrhinais i LI and i L2 represent output signals. 
The input signals and the output signals may be 
coupled into the standard cells of Rg. 10 by means 
of laser welding connections t>etween the Ml layer 
and the M2 layer at appropriate locations. 

In operation, the method is praticed on a chip 
which has been premanufactured with a plurality of 
standard cells and M1 and M2 conductor layers 
formed thereon. Pnor to initiating the metixxl steps 
each standard cell on the chip will be essentially as 
represented in Rg. 1. with the Ml and M2 layers 



as shown in Rg. 5A. For each of the standard cells, 
or for a plurality of standard cells which are to be 
interconnected, a procedure is devised which will 
identify ail of the Ml and M2 conductor segments 
5 which are to be cut. and tiie coordinate positions of 
these cuts are selected. This portion of the process 
may be facilitated by computer software routines, 
wherein a library of available logic circuits may be 
developed and the corresponding laser cuts re- 
10 quirekJ fonming each of the circuits in the library 
may be identified by coordinate positions asso- 
ciated with the cells. Such routines are straightfor- 
ward, and use entirely conventional techniques. 
One© the laser cutting positions are identified the 

rs dp is mounted to a laser cutting machine, having 
tiie capability of laser cutting accuracy to within a 
few microns, and the laser cutting process is ini- 
tiated to preferably make aJI laser cuts on a chip 
during a single operation. As a further step in 

20 implementing the process, the coordinate positions 
required for laser welds, for intercell signal commu- 
nication, are also identified ^afxl a laser welding 
machine is programmed so as to automatically 
implement all laser welds during a single series of 

25 operations. After the cutting and welding operations 
have t>een completed the chip may be protectively 
covered according to techniques well known in the 
art. and then nriay be used in tiie design circuit 
configuration. Since tiie mettKxi does not involve 

30 any comptex depositkxi end/or etching steps for 
persofuOizing drcurts it signHicantiy reduces the 
total process time required for develofjing per- 
sonalized chips. 

The present invention may be embodied in 

35 otiiar specific forms without departing from tiie 
spirit or essential atti-ibutes thereof. arKl it is there- 
fore desired that the present embodiment be con- 
sidered In all respects as illustrative and not restric- 
tive, reference being made to the appended claims 

40 rather tiian to the foregoing description to indicate 
the scope of the invention. 

Claims 

45 

1. An integrated circuit having an array of 
multi-function cells, each of said cells having a 
predetermined arrangement of conductive and 
semiconductive elements and a plurality oLconduc- 
50 tive vias connected to selected elements and pro- 
jecting upwardly in a known configuration, char- 
acterized in that it comprises 

a) an insulating layer overiaying said array 
and having said conductive vias projecting therett>- 

55 rough; 

b) a pattem of Ml metal conductors ar- 
ranged in generally parallel conductor segments 
overlaying said insulating layer and conductively 
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coupled to said vias, said M1 conductor pattern 
being repetitively reprocduced across said array of 
cells; 

c) an insulating layer over said Ml conductor 
pattern; and 

d) a further pattern of M2 metal conductors 
arranged in parallel conductor segnnents orthogonal 
to said Ml conductor pattern, wherein Ml conduc- 
tor segments bridge the gap betv/een adjacent M2 
conductor segments. 

2. The integrated circuit of claim 1, character- 
ized in that said Ml conductor pattem further com- 
prises segment branches parallel to said M2 con- 
ductor segments in positions directly below said 
M2 conductor segments. 

3. The integrated circuit of claim 2. character- 
ized in that said Ml conductor pattem comprises at 
least a portion of every M1 conductor segment 
passing through a vertical plane which does not 
coincide with an M2 conductor segment. 

4. The integrated circuit of claim 3. character- 
ized in that said Ml conductor pattern comprises at 
least a portion of every Ml conductor segment 
passing through a vertical plane which coincides 
with an M2 conductor segment, 

5- The integrated circuit of claim 4 character- 
ized in that said parallel Ml conductor segments 
and said parallel M2 conductor segments are 
spaced apart at least 2 microns. 

6. A method of personalizing functions of an 
integrated circuit having an anray of multi-function 
cells, wherein each of said cells have a first Ml 
conductor overlay comprising a pattern of generally 
parallel conductor segments, and a second M2 
conductor overlay comprising a pattern of parallel 
conductor segments orhtogcnal to said Ml pattern, 
and an insulating layer separating said Ml pattern 
and said M2 pattern, characterized in that it com- 
prises the steps of 



a) identifying the M1 conductor segment 
necessary for interconnecting elements of each c 
said integrated circuit cells to achieve the desire 
personalized functions: 
5 b) identifying the Ml conductor segment 

necessary for disconnecting elements of each c 
said integrated circuit cells to achieve the desire 
personalized functions; and 

c) selectively cutting Ml conductor . seg 
TO ments by a laser been directed between adjacer 

M2 conductor segments and through said insula! 
ing layer, according to the identified Ml conductc 
segments of steps a) and b). 

7. The method of claim 6, further characterizet 
75 in that It comprises the steps of 

d) identifying the M2 conductor segment 
necessary for interconnecting elements of said ir 
tegrated circuit cells to achieve the desired pei 
sonalized functions; 

20 e) identifying the M2 conductor segment 

necessary for disconnecting elements of said in 
tegrated circuit cells to achieve the desired per 
sonalized functions; 

f) seloctively cutting M2 conductor segment 
25 by a laser beam, wfthout also cutting through sai( 

insulating layer, according to the identified M2 con 
ductor segments of steps d) and e); and 

g) selecTively welding M2 conductor seg 
ments and Ml conductor segments together, by ; 

30 laser beam directed at an intersecting point of sail 
M1 and M2 conductor segments, according to th« 
identified M1 conductor segments of steps a) aru 
b) and the identified M2 conductor segments o 
steps d) and e). 

05 8. The method of ciaim 7, characterized in the 

the steps of selectively cutting further comprisf 
cutting a width of approximately two microns. 
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